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FOREWORD

The demand for electric energy often creates conflicts with the desire to
preserve and protect the Nation’s fish and wildlife resources. This is particu-
larly true when the use of water for power plants is considered. Power plants
require large volumes of water from rivers, lakes, reservoirs, and estuaries. With-
drawal of water for cooling purposes causes the loss of fish eggs, larvae, and
juveniles through impingement or entrainment. The discharge of water causes
thermal and chemical pollution, and can cause alteration of stream flow patterns
and the disruption of the thermal and dissolved oxygen stratification in those
water bodies.

The biological consequences of water use by power plants depend upon the
species of organisms involved, the mechanical and physiological stresses on
the organisms, and the ecological role of the organisms. To assess the impacts
of power plants and other habitat modifications on fish populations, it is neces-
sary to identify fish eggs, larvae, and juveniles of different species. However, up
to now, descriptions of the developmental stages of fishes have been scattered
throughout a large number of sources.

The Development of Fishes of the Mid-Atlantic Bight is a reference which
compiles descriptions of the egg, larval, and juvenile stages of over 300 fish spe-
cies, and includes dichotomous keys useful for identifying species. Descriptions
of spawning migrations and life habits of adult fishes, their geographic range
and distribution, and movements of fish at all life stages are also included.

With this kind of baseline taxonomic information, biologists will be able to
assess the management implications of power plant siting and other habitat
modifications on aquatic populations and provide information to decision mak-
ers. We believe these books are a major step in providing the type of infor-
mation necessary to incorporate environmental considerations into resource

development decisions.

Director, U.S. Fish and Wildlife Service



The Biological Services Program was established within the U.S. Fish and
Wildlife Service to supply scientific information and methodologies on key.en-
vironmental issues which impact fish and wildlife resources and their supporting
ecosystems. The mission of the Program is as follows:

1. To strengthen the Fish and Wildlife Service in its role as a primary
source of information on national fish and wildlife resources, particularly
in respect to environmental impact assessment.

2. To gather, analyze, and present information that will aid decision mak-
ers in the identification and resolution of problems associated with
major land and water use changes.

3. To ﬂf;m"ide better ecological information and evaluation for Department
of the Interior development programs, such as those relating to energy
development.

Information developed by the Biological Services Program is intended for
use in the planning and decision making process to prevent or minimize the
impact of development on fish and wildlife. Biological Services research ac-
tivities and technical assistance services are based on an analysis of the issues,
the decision makers involved and their information needs, and an evaluation
of the state of the art to identify information gaps and determine priorities. This
is a strategy to assure that the products produced and disseminated will be
timely and useful.

Biological Services projects have been initiated in the following areas:

¢ Coal extraction and conversion
* Power plants
* Geothermal, mineral, and oil shale development

* Water resource analysis, including stream alterations and western water
allocation

* Coastal ecosystems and Outer Continental Shelf development

» Systems and inventory, including National Wetlands Inventory, habitat
classification and analysis, and information transfer.

The Program consists of the Office of Biological Services in Washing-
ton, D.C., which is responsible for overall planning and management; National
Teams which provide the Program’s central scientific and technical expertise
and who arrange for contracting Biological Services studies with States, univer-
sities, consulting firms, and others; regional staff who provide a link to problems
at the operating level; and staff at certain Fish and Wildlife Service research
facilities who conduct in-house research studies.
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GENERAL INTRODUCTION

As noted by Mansueti and Hardy (1967) in the first edition of Volume I of
this series, the early developmental stages of most fishes are either poorly known
or completely unknown. Despite the fundamental importance of this knowledge
to many aspects of fishery biology and ichthyology, this situation still persists.

OBJECTIVES

The primary purpose of this series is to synthesize the world literature
on fishes occurring in the Mid-Atlantic Bight of the United States. The suc-
cessful accomplishment of this goal serves a number of useful functions, among
which are greater ease in identifying young fishes and fish eggs, the systematiza-
tion of information gaps, and the stimulation of studies in areas where such gaps
have been clearly demonstrated. Although some original data have been included
in this series, time constraints have kept this to a minimum, primary efforts
having been directed toward a comprehensive review of existing literature.

FORMAT

The geographical area considered extends from the northern boundary of
New Jersey to the southern boundary of Virginia from tidal freshwater out to the
100 fathom contour (see fig. 1).

Data have been presented on 321 species. Mansueti and Hardy (1967) ar-
ranged the species in Volume I in the sequence used by the American Fisheries
Society (1960). Although disagreements exist with this arrangement as a phylo-
genetic sequence it is used here to order the species and families in this series
so that the revised Volume 1 will remain intact. In some cases recent systematic
revisions have demanded realignment at familial levels or the updating of generic
and specific names.

The series is presented in six volumes as follows: Volume I, Acipenseridae
through Ictaluridae, 50 species; Volume II, Anguillidae through Syngnathidae,
48 species; Volume III, Aphredoderidae through Rachycentridae, 52 species;
Volume IV, Carangidae through Ephippidae, 52 species; Volume V, Chaetodon-
tidae through Ophidiidae, 52 species: and Volume VI, Stromateidae through
Ogcocephalidae, 67 species.

Species accounts are arranged alphabetically within family groupings. Each
species account is divided into the following major divisions:

ApULTS—meristics, morphometrics and general description.

DisTriBUTION AND ECOLOGY—Tange, habitat and movements of adults, larvae,
and juveniles.

SpaAwNING—description of season, location, conditions of spawning, and
fecundity.

Eccs-—description of ripe ovarian, unfertilized or fertilized eggs.
i Ecc DEVELOPMENT—developmental sequences, physical limiting factors and
incubation times.

YOLK-SAC LARVAE—size range, morphology, development and pigmentation.

LarvaE—size range, morphology, development and pigmentation.

PREJUVENILES (not recognized in all volumes)—size range, morphology,
development and pigmentation.

JuveNnEs—size range, morphology, development and pigmentation.

GRrOWTH (not given in all volumes)—average and/or representative growth
rates, especially preadult growth.

AGE AND SIZE AT MATURITY—average age and size at maturity plus variation
if these data are available.
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Fig. 1. Map of the Chesapeake Bay and adjacent Mid-Atlantic Bight. Hatching indicates the area considered

in this series.

LrreraTuRe cirep—abbreviated citations to literature consulted for that
account. Complete citations in Bibliography.

Superscript numbers in each species account refer to the abbreviated cita-
tions given at the end of each account. Complete citations may be found in the
bibliography at the end of each volume. In prefaces, introductions, family ac-
counts and figure legends, citations are given by author and date, rather than
superscript. Throughout, parenthetical initials follow original unpublished in-
formation provided by the person whose initials are given (see preface for full
name and address). Each volume has its own bibliography and index. No cumu-
lative bibliography or index has been attempted.

Hustrations are of mixed quality and utility. For the most part they are
simply reprinted from the literature. In some cases, however, previously pub-
lished figures have been redrawn, and a number of original illustrations are in-



General Introduction

cluded. Figure legends cite the artist or delineator. Redrawings are usually of
figures which are unique in that they provide the only illustrations of particular
features or stages and will not reproduce well or are confusing or inaccurate in
detail. Attempts have been made to exclude drawings of misidentified specimens;
however, error in judgement is possible. Where available, multiple illustrations
of the same stage are included if they show geographic variation or if the authors
were unable to determine which illustration provided the most accurate represen-
tation. In addition, a number of drawings which have been published in rare
or generally unavailable sources have been included primarily for their historic
value.

TERMINOLOGY

For the most part, terminology and methods of measuring and counting
are those of Hubbs and Lagler (1958); however, these terms are specifically for
adult forms and must be modified or replaced by different ones for early
developmental stages.

. 2For illustrations of typical developmental stages and larval anatomy see
g 2.

Definitions and terms for developmental stages vary considerably depending
on the investigator and the species worked on. The following terminology has
been standardized:

Yorx-sac Larva—stage between hatching and absorption of yolk;

Larva—stage between absorption of volk and acquisition of minimum adult
fin ray complement;

PreyuvENILE—stage between acquisition of minimum adult fin ray comple-
ment and assumption of adult body form; used only where strikingly different
from juvenile (cf. Hubbs, 1958; Tholichthys stage of butterflyfishes, querimana
stage of mullets, etc.);

JUVENILE—stage between acquisition of minimum adult fin ray complement
and sexual maturity or between prejuvenile stage and adult;

ApurT—sexually mature.

3
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GLOSSARY

A. Abbreviation for anal fin.

abbreviate heterocercal. Tail in which the vertebral
axis is prominently flexed upward, only partly in-
vading upper lobe of caudal fin; fin fairly symmetri-
cal externally,

adherent. Attached or joined together, at least at one

point.

adhesive egg. An egg which adheres on contact to sub-
strate material or other eggs; adhesiveness of entire
egg capsule may or may not persist after attachment.

adipose fin. A fleshy rayless median dorsal structure,
located behind the true dorsal fin.

adnate. Congenitally united; conjoined.

adult. Sexually mature as indicated by production of
gametes.

anadromous.
spawn.

anal.

Fishes which ascend rivers from the sea to

Pertaining to the anus or vent.

anal fin. Unpaired median fin immediately behind anus
or vent.

anal fin origin. Anteriormost point at which the anal fin
attaches to the body.

anlage. Rudimentary form of an anatomical structure;
primordium.

anus.  External orifice of the intestine; vent.

auditory vesicle. Sensory anlage from which the ear
develops; clearly visible during early development.

axillary process. FEnlarged, accessory scale attached to
the upper or anterior base of pectoral or pelvic fins.

BL. Abbreviation for body length.

barbel. Tactile process arising from the head of various
fishes.

blastocoel. Cavity of the blastula; segmentation cavity.

blastoderm. Sensu strictu, early embryonic tissue com-

posed of blastomeres; more generally, embryonic
tissue prior to formation of embryonic axis.

blastodisc. Embryo-forming area of egg prior to cleav-
age.

blastomeres. Individual cells formed during cleavage.

blastopore. Opening formed by and bordered by the
germ ring as it extends over the yolk.

blastula. Stage in embryonic development which repre-
sents the final product of cleavage stages, character-
ized by formation of the blastocoel.

body length. A specialized method of measuring, gen-
erally applied only to billfishes, and defined by

Rivas (1956a) as the distance from the tip of the
mandible (with jaws closed) to the middle point on
the posterior margin of the middle caudal rays.

branched ray. Soft ray with two or more branches
distally.

branchial arches. Bony or cartilaginous structures, sup-
porting the gills, filaments and rakers.

branchiostegals. Struts of bone inserting on the hyoid
arch and supporting, in a fanwise fashion, the
branchiostegal membrane; branchiostegal rays.

buoyant egg. An egg which floats free within the water
column; pelagic.

C. Abbreviation for caudal fin.

caeca. Finger-like outpouchings at boundary of stomach
and intestine.

catadromous. Fishcs which go to sea from rivers to
SpawI.

Tail fin.

caudal peduncle. Area lyving between posterior end of
anal fin base and base of caudal fin.

caudal fin.

cheek. Lateral surface of head between eye and opercle,
usually excluding preopercle.

chorion. Outer covering of egg; egg capsule.

choroid fissure. Line of juncture of invaginating borders
of optic cup; apparent in young fish as a trough-like
area below lens.

chromatophores. Pigment-bearing cells; frequently ca-
pable of expansions and contractions which change
their size, shape, and color.

cirrus. Generally small, dermal, flap-like or tentacle-like
process on the head or body.

cleavage stages. Initial stages in embrvonic develop-
ment where divisions of blastomeres are clearly
marked; usually include 1st through 6th cleavages
(2-64 cells).

cleithrum. Prominent bone of pectoral girdle, clearly
visible in many fish larvae.

ctenoid scale. Scales with comb-like margin; bearing
cteni.

cycloid scale. Scales with evenly curved free border,
without cteni.

D. Abbreviation for dorsal fin.

demersal egg. An egg which remains on the bottom,
either free or attached to substrate.

dorsal fins. Median, longitudinal, vertical fins located
on the back.
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dorsal fin origin. Point where first dorsal ray or spine
attaches to body.

early embryo. Stage in embryonic development char-
acterized by formation of embryonic axis.

egg capsule. Outermost encapsulating structure of the
egg, consisting of one or more membranes; the
protective shell.

egg diameter. In nearly spherical eggs, greatest diam-
eter; in elliptical eggs given as two measurements,
the greatest diameter or major axis and the least
diameter or minor axis.

emarginate. Notched but not definitely forked, as in the
shallowly notched caudal fin of some fishes.

embryonic axis. Primitive differentiation of the embryo;
an elongate thickening of blastodermal tissue.

embryonic shield. Thickened shield-like area of the
blastoderm at caudal edge of the germ ring,

erythrophores. Red or orange chromatophores.

esophagus. Alimentary tract between pharynx and
stomach.

falcate. Deeply concave as a fin with middle rays much
shorter than anterior and posterior rays.

finfold. Median fold of integument which extends along
body of developing fishes and from which median
fins arise.

FL. Abbreviation for fork length.

fork length. Distance measured from the anteriormost
point of the head to the end of the central caudal
rays.

ganoid scales. Diamond- or rhombic-shaped scales con-
sisting of bone covered with enamel.

gas bladder. Membranous, gas-filled organ located be-
tween the kidneys and alimentary canal in teleosts;
air bladder or swim bladder.

gastrula. Stage in embryonic development between
blastula and embryonic axis.

germ ring. The thickened rim of the blastoderm evident
during late blastula and gastrula stages.

germinal disc. The blastodisc.
gill arches. See branchial arches.

gill rakers. Variously-shaped bony projections on an-
terior edge of the gill arches.

granular yolk. Yolk consisting of discrete units of finely
to coarsely granular material

guanophores. White chromatophores; characterized by
presence of iridescent crystals of guanine.

gular fold. Transverse membrane across throat.

gular plate. Ventral bony plate between anterior third
of lower jaws, as in Amia calva.

heterocercal. Tail in which the vertebral axis is flexed
upward and extends nearly to tip of upper lobe of
caudal fin; fin typically asymmetrical externally,
upper lobe much longer than lower.

HL. Abbreviation for head length.

head length. Distance from anteriormost tip of head to
posteriormost part of opercular membrane, exclud-
ing spine; prior to development of operculum, mea-
sured to posterior end of auditory vesicle.

holoblastic. Type of cleavage in which the entire egg,
including the yolk, undergoes division.

homocercal. Tail in which the vertebral axis terminates
in a penultimate vertebra followed by a urostyle
(the fusion product of several vertebral elements);
fin perfectly symmetrical externally.

hypochord. A transitional rod of cells which develops
under the notochord in the trunk region of some
embryos.

hypurals. Expanded, fused, haemal spines of last few
vertebrae which support caudal fin.

incubation period. Time from fertilization of egg to
hatching,

interorbital. Space between eyes over top of head.

iridocytes. Crystals of guanine having reflective and
iridescent gualities.

isocercal. Tail in which vertebral axis terminates in
median line of fin, as in Gadiformes.

isthmus. The narrow area of flesh in the jugular region
between gill openings.

fugular. Pertaining to the throat.

juvenile. Young fish after attainment of minimum adult
fin ray counts and before sexual maturation.

keeled. With a ridge or ridges.

Kupffer's vesicle. A small, vesicular, ventro-caudal pock-
eting which forms as blastopore narrows.

larva. Young fish between time of hatching and attain-
ment of minimum adult fin ray counts.

late embryo. Stage prior to hatching in which the em-
bryo has developed external characteristics of its
hatching stage.

lateral line. Series of sensory pores and/or tubes extend-
ing backward from head along sides.

lateral line scales. Pored or notched scales associated
with the lateral line.

mandible. Lower jaw, comprised of three bones: den-
tary, angular and articular.

mazxillary. The dorsalmost of the two bones in the upper
jaw.

Meckels cartilage. Embryonic cartilaginous axis of the
lower jaw in bony fishes.



melanophores. Black chromatophores.

mental. Pertaining to the chin.
meroblastic. Type of cleavage in which only the blasto-
disc undergoes division.

micropyle. Opening in cgg capsule through which
spermatozoa enter.

morula. Stage in development of egg in which blasto-
meres form a mulberry-like cluster.

myomeres. Serial muscle bundles of the body.
myoseptum. Connective tissue partitions separating
myomeres.

nape. Area immediately posterior to occipital region.

nasal. Pertaining to region of the nostrils, or to the
specific bone in that region.

NL. Abbreviation of notochord length.

notochord. Longitudinal supporting axis of body which
is cventually replaced by the vertebral column in
teleostean fishes.

notochord length. Straight-line distance from anterior-

most part of head to posterior tip of notochord; used
prior to and during notochord flexion.

occipital region. Area on dorsal surface of head, begin-
ning above or immediately behind eyes and extend-
ing backwards to end of head.

oil globule(s). Discrete sphere(s) of fatty material with-
in the yolk.

olfactory buds. Incipient olfactory organs.

optic vesicles. Embryonic vesicular structures which
give rise to the eyes.

otoliths. Small, calcareous, secreted bodies within the
inner ear.

P.  Abbreviation for pectoral fin.

palatine teeth. Teeth on the paired palatine bones in
the roof of the mouth of some fishes.

pectoral bud. Swelling at site of future pectoral fin;
anlage of pectoral fin.

pectoral fins. Paired fins behind head, articulating with
pectoral girdle.

pelagic. Floating free in water column; not necessarily
near the surface.

pelvic bud. Swelling at site of future pelvic (ventral)
fins; anlage of pelvic fin.

pelvic fins. Paired fins articulating with pelvic girdle;
ventral fins.

periblast. A layer of tissue between the yolk and cells
of blastoderm which is observed as a thin border
around blastula.

peritoneum. Membranous lining of abdominal cavity.

Glossary 7

perivitelline space. Fluid-filled space between egg
proper and egg capsule.

pharyngeal teeth. Teeth on the pharyngeal bones of the
branchial skeleton.

postanal myomeres. The number of myomeres between
posterior margin of anus and the most posterior
myoseptums,

preanal length. Method of measuring often not stated,
assumed to be about equivalent to snout to vent
length in larvae.

preanal myomeres. The number of myomeres between
the anteriormost myoseptum and the posterior mar-
gin of anus.

predorsal scales. Scales along dorsal ridge from occiput
to origin of dorsal fin.

prejuvenile. Dcvelopmental stage immediately follow-
ing acquisition of minimum fin ray complement of
adult and before assumption of adult-like body
form; used only where strikingly different from ju-
venile (¢f. Hubbs, 1958; Tholichthys stage of butter-
flyfishes, querimana stage of mullets, etc.).

premaxillary. The ventralmost of the two bones in-
cluded in the upper jaw.

primordium. Rudimentary form of an anatomical struc-
ture; anlage.

principal caudal rays. Caudal rays inserting on hypural
elements; the number of principal rays is generally
defined as the number of branched rays plus two.

procurrent caudal rays. A series of much shorter rays
anterior to the principal caudal rays, dorsally and
ventrally, not typically included in the margin of
the caudal fin.

pronephric ducts. Ducts of pronephric kidney of early
developmental stages.

scute. A modified, thickened scale, often spiny or keeled.

sigmoid heart. The S-shaped heart which develops from
the primitive heart tube.

SL. Abbreviation for standard length.

snout to vent length. Distance from anteriormost part
of head to posterior margin of anus; the precise
method of measurement often not stated.

soft rays. Bilaterally paired, usually segmented, fin sup-
ports.

somites. Primitive, segmented, mesodermal tissue along
each side of notochord.

spines. Unpaired, unsegmented, unbranched fin sap-
ports, usually (but not always) stiff and pungent.

standard length. In larvae, straight-line distance from
anteriormost part of head to end of hypural ele-
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ments; not applicable to larvae prior to notochord
flexion. (In juveniles and adults measured from most
anterior point of snout or upper lip.)

stomodeum. Primitive invagination of the ectoderm
which eventually gives rise to the mouth. )

tail-bud stage. Stage of embryonic development char-
acterized by a prominent caudal bulge and marked
development of cephalic region.

tail-free stage. Stage of embryonic development char-
acterized by separation of the tail from the yolk.

TL. Abbreviation for total length.

total length. Straight-line distance from anteriormost
part of head to tip of tail; all older literature refer-
ences not stated differently are assumed to be total
length.

urostyle. Terminal vertebral element in higher teleosts,
derived from the fusion and loss of several of the
most posterior centra of the more primitive forms.

V. Abbreviation for the central or pelvic fin.
Anus.

vent.

ventral fins. Paired fins articulating with the pelvic
girdle; pelvic fins. .

vitelline vessels. Arteries and veins of yolk region.

water-hardening. Expansion and toughening of egg cap-
sule due to absorption of water into the perivitelline
space.

width of perivitelline space. Distance between yolk and
egg capsule expressed either as direct measurement

or a ratio of the egg diameter.
xanthophores. Yellow chromatophores.

yolk. Food reserve of embryonic and early larval stages,
usually seen as a yellowish sphere diminishing in
size as development proceeds.

yolk diameter. Greatest diameter of yolk; more accu-
rately measurable prior to embryo formation.

yolk plug. Yolk within the blastopore.

yolk sac. A bag-like ventral extension of the primitive
gut containing the yolk.

yolk-sac larva. A larval fish characterized by the pres-
ence of a yolk-sac.
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recognition of his total and honest devotion to the Chesapeake Bay.



Blank page retained for pagination



INTRODUCTION TO VOLUME I

This volume contains accounts of the life histories and development of
forty-eight species of teleostean fishes occurring in the Mid-Atlantic Bight
(Anguillidae through Syngnathidae). It is primarily a compilation of previously
published information but also includes some unpublished data and a number
of original illustrations. These include the following:

Anguilla rostrata
adult
Conger oceanicus
adult
Pisodonophis cruentifer
leptocephalus
Ablennes hians
juvenile
Strongylura marina
eggs, larvae
Hemiramphus brasiliensis
juvenile
H ypommphus unifasciatus
eggs, larvae

Cyprinodon variegatus
larvae

Fundulus confluentus
eggs, larvae

Fundulus diaphanus
larvae

Fundulus heteroclitus
larvae

Fundulus luciae
eggs, larvae

Fundulus majalis
larvae

Lucania parva
larvae

Enchelyopus cimbrius
juvenile

Microgadus tomcod
eggs, larvae

Phycis chesteri
juvenile

Urophycis tenuis
juvenile

Apeltes quadracus
larvae

Hippocampus erectus
eggs, larvae

Syngnathus floridae
larvae

11

Daniel M. Carver
Daniel M. Carver
Alice ]. Lippson
Nancy S. Smith
Peni G. Long
Jerry D. Hardy, ]Jr.
Elizabeth R. Peters
Jerry D. Hardy, Jr.
Nancy S. Smith
William L. Dovel
Linda L. Hudson
Elizabeth R. Peters
Linda L. Hudson
Linda L. Hudson
Linda L. Hudson
Elizabeth R. Peters
Linda L. Hudson
Linda L. Hudson
Nancy S. Smith
Nancy S. Smith
Jerry D. Hardy, Jr.

Elizabeth R. Peters

Virginia Inst. Mar. Sci.

William L. Dovel
Linda L. Hudson

Alice J. Lippson
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Syngnathus fuscus Alice J. Lippson
larvae

Original text contributicns are indicated by initials as follows:

JEB James E. Bohlke, Academy of Natural Sciences of Philadelphia, Phila-
delphia, Pennsylvania.

BBC Bruce B. Collette, National Marine Fisheries Service, U.S. National
Museum, Washington, D.C.

GED George E. Drewry, Chesapeake Biological Laboratory, Solomons,
Maryland.

WLD  William 1. Dovel, Boyce Thompson Institute, Yonkers, New York.

MPF Michael P. Fahay, National Marine Fisheries Service, Northeast
Fisheries Center, Sandy Hook, New Jersey.

NRF Neal R. Foster, U.S. Fish and Wildlife Service, Ann Arbor, Michigan.

RAF Ronald A. Fritzsche, University of Mississippi, University, Mississippi.

JDH Jerry D. Hardy, Jr., Chesapeake Biological Laboratory, Solomons,
Maryland.

AJL Alice J. Lippson, Martin-Marietta Corporation, Baltimore, Maryland.

PGL Peni G. Lang, formerly Chesapeake Biological Laboratory, Solomons,
Maryland.

FDM F. Douglas Martin, Chesapeake Biological Laboratory, Solomons,
Maryland.

JAM John A. Musick, Virginia Institute of Marine Science, Gloucester
Point, Virginia.

RRM Robert R. Marak, National Marine Fisheries Service, Narragansett,
Rhode Island.

DGS David G. Smith, Marine Biomedical Institute, Galveston, Texas.

NSS Nancy S. Smith, St. Petersburg, Florida.

RLW Robert L. Wisner, Scripps Institute of Oceanography, La Jolla,
California.

I wish to thank the following individuals for reviewing the various manu-
scripts: Kenneth W. Able, Rutgers University, New Brunswick, New Jersey, for
reviewing Fundulus heteroclitus; Bruce B. Collette, National Marine Fisheries
Service, U.S. National Museum, Washington, D.C., for reviewing Belonidae and
Hemiramphidae; Charles E. Dawson, Gulf Coast Research Laboratory, Ocean
Springs, Mississippi, for reviewing Syngnathidae; Michael P. Fahay, National
Marine Fisheries Service, Nottheast Fisheries Center, Sandy Hook, New Jersey,
for reviewing Anguillidae, Muraenidae, Congridae, and Opichthidae; Neal R.
Foster, US. Fish and Wildlife Service, Ann Arbor, Michigan, for reviewing
Cyprinodontidae exclusive of Fundulus heteroclitus; Ronald A. Fritzsche, Uni-
versity of Mississippi, for reviewing Exocoetidae, Fistulariidae, and Macrorham-
phosidae; William H. Krueger, University of Rhode Island, Kingston, Rhode
Island, for reviewing Gasterosteidae; Robert R. Marak, National Marine Fisheries
Service, Narragansett, Rhode Island, for reviewing Gadidae (in part); F. Douglas
Martin, Chesapeake Biological Laboratory, Solomons, Maryland, for reviewing
Poeciliidae and Aphredoderidae; John A. Musick, Virginia Institute of Marine
Science, for reviewing Gadidae (in part) and Merlucciidae; and Robert L.
Wisner, Seripps Institute of Oceanography, La Jolla, California, for reviewing
Scomberesocidae.

Work on this volume, prior to 1975, was supported entirely by funds from
the Chesapeake Biological Laboratory. I am extremely grateful to Dr. L. Eugene
Cronin for making that support possible.

I am especially grateful to our artist, Elizabeth Ray Peters, for her outstand-
ing work on this project. Her original drawings of fish eggs and larvae are among
the best which I have seen. 1 thank, also, Joan Ellis, Tamiko Karr, and Donna
Davis, students from St. Marys College, for the numerous delineations which



Introduction to Volume II

they did as volunteer interns. Celeste Rollins, also a St. Marys student, prepared
the figures used in several of the family introductions.

This project would probably not have been possible without the assistance
given us by Jack Marquardt, librarian, U.S. National Museum; Leonard Bikowski
and Hazel Dawson, of the Library of the U.S. Department of Interior; and
Caroline Essex, librarian, Chesapeake Biological Laboratory. 1 will long re-
member the patience of these people in dealing with our numerous and often
urgent calls for help.

George Drewry, research coordinator, kept the complex machinery of the
project running smoothly, and, in its final stages, checked and standardized the
bibliographies of this and two other volumes of the series. Julia Clark maintained
and organized the reprint library—a task which became especially difficult as
the momentum of the project increased. Judy Wiley, Ruth Wilson, and Herbert
Harris assisted with the editing of the final manuscript, and Hillary Handwerger
made a final check on the bibliographies of all six volumes of the series. The
entire manuscript was reviewed and edited by Douglas Martin.

Vina Issacs and Walter Boynton, both former summer students at Chesa-
peake Biological Laboratory, assisted with library research and editing during
the early stages of the development of the project. Ellen K. Sickles reared eggs
and larvae of various species of Etheostoma while working as a summer aide.
Peni G. Lang likewise reared and illustrated young stages of Strongylura marina.
Linda Hudson, a summer aide in 1974, reared the eggs and larvae of all of the
regional cyprinodontid larvae and illustrated most of them. Daniel M. Carver,
a more recent summer student, assisted with the literature search, and also pre-
pared a number of illustrations used in this volume. William Dovel supplied
preserved tomcod larvae for illustrations, while Tom Peck and Michael Tabery
obtained living eggs of this species from the Hudson River.

The patience exhibited by Cynthia Simmonds and Eunice (Sam) Benson in
typing and re-typing the numerous manuscripts in this and the other five vol-
umes of the series is almost beyond comprehension. I will always remember and
appreciate their help. At times it became necessary to call in additional typists.
These included Marjorie Blackwell, Joyce Stinson, Diane Haft, Clovia Hutchins,
and Steven Drewry. Without their excellent work we would have probably
met even fewer deadlines than we actually managed to meet.

Eurath Hardy, August Selckmann, Jr., and Ronald Bishop spent hundreds of
hours in the darkroom when the rest of us were simply too busy to do so. A
high percentage of the figures presented in this volume are the results of their

volunteer efforts.
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Anguilla rostrata

freshwater eels
Anguillidae
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FAMILY ANGUILLIDAE

The family Anguillidae, of which there is one genus and about 15 species,
occurs in all seas except the eastern Pacific and South Atlantic. Members of
the family range north almost to the Arctic Circle and south to New Zealand.

In freshwater eels the body is covered with minute, embedded, cvcloid
scales; the gill slits are arranged vertically, their upper corners opposite the
pectoral fins; and the dorsal fin originates far behind the pectorals.

The American eel, Anguilla rostrata, is the only regional member of the
group. It is diadromous, moving from fresh and brackish water into the ocean
to spawn. Although this species has been assumed to spawn in the vicinity
of the Sargasso Sea, the actual spawning area may be much further south, Fer-
tilized eggs have not been identified. The largest ovarian eggs thus far described
were 0.6 mm in diameter. In ovarian eggs the yolk appears to be granular.

Leptocephali of the American eel are characterized by 102 to 110 myomeres,
a straight gut, and no pigment. In the present volume growth stages are
designated as follows:

Leptocephalus, stage 1. Length increasing.
Leptocephalus, stage II. Length decreasing.
Glass eel, stage 1. Length decreasing.
Glass eel, stage I Length increasing.

For a comparison of the leptocephali of this species to those of the other
regional fishes, see the key in the introduction to the family Ophichthidae.

17
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Anguilla rostrata (Lesueur), American eel

ADULTS

D. 183-276, mean 231.44;° A, 167-2292%32 mean
199.12;5¢ C. 8-12 (4-6+4-6),” reported means 9.92,
10.09; % P. 14-20, mean 16.73;*® vertebrae 103-
111 #=-26.82.80 (glthough Harden-Jones mentions an unde-
termined Anguilla leptocephalus from Mississippi with a
vertebral count of 113); '* average vertebrae 107.2; 3 pre-
caudal vertebrae 4146 (in Virginia waters 41-44); caudal
vertebrae 61-68 (in Virginia waters 61-67); ** branchi-
ostegals 9-13,2%% mean ca. 11.0.2%%

Proportions as percent TL (in maximum-size but repro-
ductively inactive males from Lake Sherman, Michigan):
Head length 12.3-12.7, predorsal length 32.2-33.3, pre-
anal length 41.8-42.0, pectoral length 7.5, interorbital
width 2.5-2.6, horizontal diameter of eye 2.6-2.9, pre-
orbital distance 2.3-2.7. Proportions as percent head
length: interorbital width 20.3-20.6, horizontal diameter
of eye 20.6-23.4, preorbital distance 18.8-214. Hori-
zontal diameter of eye as percent of interorbital width
(based on a number of specimens larger than minimum
maturity size): in females 38.5 to ca. 89, in males ca.

80-100.

Proportions as percent TL (based on silver eels migrat-

* ing from Chesapeake Bay): Preanal length, males 39.4-

43.8, females 36.6-45.2; predorsal length, males 29.1-35.6,
females 30.8-36.7; head length, males 11.2-14.1, fe-
males 10.5-13.8. As percent of head length, gape length,
males 16.7-26.9, females 19.7-32.1. As percent of gape
length, horizontal diameter of eye, males 42-100, females
34.2-68.8.

Proportions as percent TL (based on 1 males and 11
females migrating in oceanic waters): Preanal length,
males 42.3, females 40.8-44.8; predorsal length, males
33.8, females 32.8-35.6; head length, males 13.9, females
11.8-13.7. As percent of head length, gape length, males
217, females 21.2-27.9. As percent of gape length,
horizontal diameter of eye, males 57.5, females 40.8-59.0.7

Body elongate, serpentine*** round anteriorly, com-
pressed posteriorly ** (but in beginning of stage much
fatter than juveniles); " snout depressed, broad, blunt;
mouth large, slightly oblique; ®* gape extended to pos-
terior margin of eye; ** lower jaw equal to or slightly
longer than upper; ** gill openings well separated, lateral
and ventral; branchiostegals long; teeth in bands on jaws

—

Fig. 8. Anguilla rostrata, American eel. A. Adult, 353 mm TL. B. Old male, eyes enlarged. C. Maximum eye
development. (A, Original drawing, Daniel M. Carcer. B-C, Viadykov, V. D., 1973: figs. 1-2, Elizabeth Ray

Peters, delineator.)



and vomer.'**®

Scales small, cycloid,** placed at right angles to each
other,’ embedded,* and often difficult to see without
magnification.’ Lateral line well-developed,® accentu-
ated.”"" Dorsal, caudal, and anal continuous; dorsal
origin far behind pectorals, nearer vent than gill open-
ings; 61435 pectorals (in very large but apparently repro-
ductively inactive males) pointed rather than rounded; *’
ventrals absent; * skin conspicuously thickened.!*

Pigmentation: Vladykov described mature eels at the
time of descending streams as having a metallic sheen,
the back and sides almost black or bronze with purple
reflections, and the pectoral fins black.’® Edel, using
laboratory specimens in which ovulation was artificially
induced, noted that, in maturing females “the flanks were
an intense copper color; the dorsal surface was dark but
not black . .. the ventral surface which began as silvery-
white became darkly mottled.” ©* Wenner found migrat-
ing eels in the ocean which were silver and had the
dorsal aspect of the pectoral fins and the caudal fin
darkly pigmented.”®™ It is possible that there is a tran-
sition from bronze to silver as the spawning migration
progresses (JDH). As maturity progresses the eye devel-
ops a coloration termed “retinal gold.”

Maximum length: Females 1275 mm; *° males 521 mm to
possibly 752 mm.*?

DISTRIBUTION AND ECOLOGY

Range: Coastal areas and, presumably, open ocean from
Labrador and Newfoundland *'* to Trinidad and the
Guianas ** (although apparently known only from Pana-
ma in Central America); ® also Greenland **47-** and
Bermuda,* and the entire Caribbean.** Throughout
the Great Lakes 22 and up the Mississippi drainage as
far as South Dakota.’> Woest to the Rocky Mountains.*
Elvers have been collected in Denmark,™ and a single
adult has been recorded from northern Spain.*™*%* At-
tempted introductions in California have failed; ****
introduced individuals have survived in Saskatchewan,
Ca‘“ada, for at least 10 years,”* and in Sherman Lake,
Michigan, for 35-40 years.*”

Area.distribution: Found throughout Chesapeake Bay e
and in coastal waters of New Jersey,”” Maryland, Dela-
ware,** and Virginia s

Habitat and movements: Adults—initially in freshwater
lakes and rivers, and in brackish estuaries or coastal
“narine waters; as maturity progresses migrate to deep
“fishore waters (JDH). Temperature range, 8-12 C for
‘nigrating offshore individuals,”* possibly as high as 15
Cin the spawning area.® Maximum recorded depth,
823 meters," but presumably reaches much greater
depths if Viadykov's estimate of spawning at ca. 4865
meters is correct.®®
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Medcof has noted that mature or maturing eels some-
times lie in inverted “U”’s over submerged or exposed
stems of water plants; and sometimes form free floating
or submerged balls which may be up to 2 meters in
diameter, An eel ball 0.5 meters in diameter was
estimated to contain up to 30 individual eels.”

Catadromous, migrating from fresh and brackish water to
the vicinitv of the Sargasso Sea in the Atlantic Ocean
(JDH). In Canadian waters the downstream migration
is generally thought to last from late July ™ to mid-
November,** although it is possible that some individuals
(possibly the males) begin migrating as early as April or
May.*>#* Bigelow and Schroeder ** estimate that the
seaward migration (interpreted here as the freshwater
phase of the migration) lasts 1 or 2 months. Eales >
estimated a total of 2 or 3 months for arrival in the
spawning area. Eels have been noted migrating from
the Chesapeake Bay in November ™ and from South
Carolina from August through December.” There is
evidence to suggest that eels from throughout the range
all arrive in the spawning area at the same time and in
the same state of reproductive development.”® Migrating
freshwater eels may move through deep grass and shal-
low ditches. Downstream movements are most prevalent
at night, particularly on warm, dark, stormy nights; #2154
Winn, et al., for example, noted migrations near Charles-
ton, South Carolina only between 1800 and 2300 hours,
and only after heavy rains. They noted also that large
runs occurred between full and new moon (the third and
fourth lunar quarters). Under these conditions some yel-
low eels show tendency to migrate with the silver eels.
Migrating males are much smaller than migrating fe-
males, varying from 280-400 mm in total length.”* Adult
eels presumably die after spawning.'*#*

Leptocephali—oceanic waters. The geographic limits
within which leptocephali have been collected are:

Northernmost, Lat. 47° 16" N, long. 40° 56" W.#*
Southernmost. Lat. 17° 35’ N, long. 64° 48" W.*®
Westernmost. Long. 84° 23 W, lat. 20° 38 N.*=
Easternmost. Long. 40° 56" W, lat. 47° 16’ N.s8:

The northernmost western North Atlantic specimen is
from Grank Banks, Canada.®® Some of the leptocephali
found near Bermuda transform and colonize brackish
ponds in Bermuda*"** Specimens 39 to 53 mm long
have been recorded near Bermuda in July and August; ¥
leptocephali are common along the Florida coast from
January through summer *¢ and specimens 18-58 mm
long have been taken in the Straits of Florida from April
2 to August 28.% Leptocephali reach lengths of 60-65

mm in December and January.®

Initially move passively with current,* becoming strong
and active when they approach transformation.” Tucker
feels that Schmidt’s 15 mm leptocephali may have drifted
300 to possibly 1200 miles from the spawning area.?®
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Migrate to the coast of North America in 1% or 2
years.”

From surface %% to 1829 meters. Taning obtained
specimens 39.5-33.0 mm long from 914.4 to 1829 meters.*”
Other depth records are: Specimens 22 to 40 mm long at
25 meters; **** metamorphosing leptocephali at 250 me-
ters in Gulf of Mexico.’* Leptocephali are apparently
more easily collected at night ** (presumably at surface,
JDH).

Glass eels—coastal and offshore waters (JDH), also
streams.** The transformation probably occurs when the
young pass through the edge of the Gulf Stream.?® Glass
eels have been observed oftshore at Georges and Browns
Banks.5* Specimens as small as 48 mm reported in Chesa-
peake and Narragansett bays;*”> a 47 mm specimen re-
corded from roots of water hyacinths in Florida.’®
Vladykov pointed out that total lengths of ascending
“elvers” increase from southern to northern localities.’®

From surface ** to possibly 21.9 or 27.4 meters.*

Move shoreward, arriving in Delaware Bay and north-
eastern United States in March and in Nova Scotia
in April.o®

Elvers—coastal marine waters (usually in association
with eel grass),*™ tidal flats,”* tidal marshes, harbors,
barrier beach ponds,* large coastal rivers® creeks,®
streams % (although seldom in cold streams), and warm,
shallow lakes.® Apparently only females ascend to fresh-
water, males remain in estuarine waters.>'*% Recorded
from detritus covered bottom and in turbid water.™
Specimens less than 150 mm long generally in shallow
water near shore; larger individuals in deeper water of
creek channels.®?

Minimum recorded temperature, minus 0.8 C.*

Ascend streams in immense numbers (thus hundreds
caught in a four-inch aquarium net).**** Time, duration,
and extent of upstream movement varies from year to
vear and in different localities (JDH). In Florida “elvers”
evident in mid-January, but probably spend autumn in
coastal waters, possibly buried in bottom.*® Arrive on
Carolina coast around last of April;¢ in Maryland in
April; ** and in Long Island from early April to late
May.® Jeffries recorded elvers from the Rhode Island
area as early as January 3, and pointed out that a small
percent of elvers reach temperate estuaries several
months in advance of main spring-summer arrivals.?
Arrivals recorded at Woods Hole, Massachusetts, from
mid-February to mid-June® in Gulf of Maine in April,”
and in Canada in April and May.*** Eales, working in
Canada, suggested that the upstreamn migration may last
from “only a few days” to a maximum of one month;’
Smith, however, observed upstream movements lastin

from mid-May through September (a period of nearly
five months) in New Brunswick.

Swim near surface when ascending streams; *° climb rocks
to surmount obstacles; '**' also move through under-
ground channels (including water pipes),** and leave
streams during exceptionally heavy rains. May hide in
gravel in streams,”® and recorded hiding in moss in
inverted position over water.®

Juveniles—tidal water (sometimes up to tide line) ¥ in
river channels; streams, particularly at obstructions in
riffle areas, log jams, under overhanging banks, and
in swampy areas; creeks; spring “boils;” underground
streams in caves; marshes; ponds; lakes; and roadside
ditches. Recorded over mud and sandy stone bottom;
particularly abundant in heavily vegetated areas.t®3%%¢

Able to withstand abrupt salinity changes.*

Movements generally restricted while in headwaters of
rivers, thus Gunning and Shoop noted a maximum move-
ment of only 137.2 m in 10 to 13 months.** Vladykov,
however, recorded a movement of 200 miles in 5 years
and 11 months.** When experimentally displaced may
return to rivers as far as 50 miles away.** In Canadian
waters some immatures may migrate downstream with
adults.”

Sometimes burrow in mud with only head protruding,®
also hide in holes, or drape themselves over vegetation.®
Hibernate in mud at depths of ca. 150~200 mm,?-3¢.51.63.68
Hibernation sites apparently equipped with a ventilation
hole”* May leave water at night, particularly during
heavy rains, and crawl about on land; **'** and some-
times stranded on land by receding water.*> Can survive
up to 48 hours without water.?®

SPAWNING

Location: Indefinite. Generally stated as between Ber-
muda (or southwest of Bermuda) and the West Indies
or in the vicinity of the Sargasso Sea between latitudes
20° and 30° N and longitudes 60° and 75° W.!**" Small-
est leptocephali (less than 10 mm) collected at 22° 14" N,
67° 92 W. Vladykov has suggested that the true spawn-
ing area may be much further south than previous data
would suggest.®

Season: Possibly from January 22° to July.®

Depth: Brunn ** suggests that spawning in Atlantic spe-
cies of Anguilla takes place above the thermocline at
depths no greater than 500 meters. Estimates of spawning
depth in A. rostrata vary from 200 to 700 meters 1%29:545%
but such estimates may not be reliable.™

Temperature: Estimated 15-16 C,°** but these figures
are apparently not based on actual observations.™

Salinity: 35 25-37 ppt,'® apparently not based on actual

observations.”™



Fecundity: 413,000 to 2,561,000 based on counts from
specimens migrating from Chesapeake Bay.” A count
of 9,000,000 in a specimen from Long Island *' may not
be reliable (JDH). Estimates of 10,000,000 to 20,-
000,000 *»#1-%4 are apparently not based on actual counts
on this species.™

EGGS

Location: Assumed to be pelagic, floating in the upper
to intermediate water layers,” " but statement without
direct supporting evidence (JDH).

Ovarian eggs: Mostly spherical (although smaller devel-
oping eggs cuboidal) with centrally located nucleus, and
inclusions resembling volk granules of Brevoortia.™ Egg
diameters of eels leaving Chesapeake Bay in November
varied from 0.25-0.45 mm with an average of 0.356 mm.™
Other ovarian egg size ranges in apparent]y migrating
eels are: Newfoundland 0.109-0.214 mm, x=0.165 mm; ™
south of Cape Cod 0.12-0.27 mm, x=0.17 mm; " off
northeastern United States, 0.17-0.37 mm, x=0.27.%
Growth of eggs was observed in four Canadian females
between November and December. The diameters of
these eggs have been reported as 0.33-0.45 mm (maxi-
mum size per female) ' and 0.20-0.35.*"** There are
indications that eels leave Chesapeake Bay later in the
vear and with the gonads more fully developed than in
fishes from more northern localities (thus assuring that
all eels will arrive in the spawning area at the same time
and in the same state of reproductive development).”
Maximum size of ripening eggs of A. rostrata obtained
through hormone injection, 0.6 mm. Eggs larger than
0.5 mm arc described as “loose” (presumably in the
coelom),s

Presumably ripe, unfertilized eggs. Diameter 0.59-1.25
mm, average 1.06; transparent; slightly ellipsoidal; a
number of relatively large, various-sized oil globules.’

‘;g 4. Anguilia rostrata, American eel. A. Advanced ovarian egg,
;:;5 mm in greatest diameter. (A, Edel, R. K, 1975: fig. 1,
“tizabeth Ray Peters, delineator.)
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EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

Undescribed except for comments by Eldred and Raney
that recently hatched larvae are 7-9 mm long and that
the hatchlings may be ca. 6 mm long.**-2*

STAGE I, LEPTOCEPHALUS

Size range described, 10.5-69.0 mm.*

Total myomeres, at 10.5 mm, 104-110; ** at 18-58 mm,
102-110 (a specimen within this size range had 99 my-
omeres but was obviouslv malformed,'*** while another
specimen of unspecified length had 101 myvomeres ).
Preanal myomeres, at 10.5 mm, 63; at 14.25-15.75 mm,
64; at ca. 22 mm, 68; 2 at 43.9-45.5 mm, 68-639; 151? at
47-49 mm, 65-63; '* at 50 mm, 70; ¥ at 51.5 mm, 71.%°
In specimens of unspecified stage or size, preanal
mvomeres 64-74."' Postanal myomeres, at 10.5 mm, 41—
47; % at 43.9-455 mm, 36; '*** at 47-49 mm, 40; ' at
50 mm, 34.*" In specimens of unspecified stage or size,
minimum postanal myomeres, 31.5' Predorsal myomeres,
at 43.9, 61; ** at 43.5 mm, 62.* Myvomeres between dorsal
and anal origin, at 43.9, 8;* at 45.5 mm, 6; ™* at 47-49
mm, 8; " at 50 mm, 9. Branchiostegal ravs undeveloped
at 43.9 mm, 11 at 50 mm.>’

Marphometric data is presented in Tables 1 and 2.

TasLe 1. Proportions as percent TL (derived from
morphometric data presented by Eldred) 16,27

Total fength 43.9 mm 45.5 mm 50.0 mm

Preanal length 72.9% 73.4% 74.0%
Predorsal length 65.4 68.1 865.0
Postanal length 27 26.6 26.0
Head iength 9.3 8.8 8.4
Depth at pectoral base 6.6 6.6 6.2
Maximum depth (level of

renai-portal vein) 17.3 17.1 16.8
Depth at anus 16.0 16.4 144

Tabre 2. Proportions as percent HL (derived from
morphometric data presented by Eldred) 1¢.27

Head tength 4.1 mm 4.0mm 4.2 mm
Snout length 26.9% 27.5% 26.2%
Horizontal diameter of eye 22.0 19.8 238

Eye diameter greater than snout length at 9-10 mm,; ** at
4749 mm, 1.33 times in snout length."?

At 10.5 mm body somewhat more slender than in more
advanced stages.**

At 50 mm body moderately elongate, compressed except
for head, maximum depth at midpoint of body; eye
slightly oval and with narrow fleshy margin; upper jaw
slightly protuberant; gape not extended to posterior
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15.75 mm TL

Fig. 5. Anguilla restrats, American eel. A. Stage I leptocephalus, 10.5 mm TL. B. Stage I leptocephalus, ca.
13.7 mm TL. Note reduction in size of teeth, and convolutions of gut. C. Stage I leptocephalus, 15.75 mm TL.
D. Stage I leptocephalus, ca. 20 mm TL. E. Stage 1 leptocephalus, 22 mm TL. (A, C, E, Schmidt, J., 1916:
figs. 5, 6, 7, Llizabeth Ray Peters, delineator. B, D, Viadykov, V. D., 1955: unnumbered plate, Elizabeth Ray

Peters, delineator.)
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ca. 26.7 mm TL

Fig. 6. Anguilla rostrata, American eel. A. Stage I leptocephalus, 22.0 mm TL. B. Stage I leptocephalus, ca.
26.7 mm TL. C. Stage I leptocephalus, 44.0 mm TL. D. Stage I leptocephalus, ca. 48.0 mm TL., E. Detail of
head and caudal region of previous specimen. (A, C, Schmidt, J., 1916: pl. 4, figs. 1, 2, Elizabeth Ray Peters,
delineator. B, Vladykov, V. D., 1955: unnumbered plate, Elizabeth Ray Peters, delineator. D, E, Eigenmann,

C.H,and C. H. Kennedy, 1901: figs. 1, 1a, 1b.)
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A 50.0 mm TL

Fig. 7. Anguilla rostrata, American eel. A. Stage I leptocephalus, 50.0 mm TL. B. Detail of head and caudal
region of previous specimen. C. Stage I leptocephalus, 55.0 mm TL. D. Stage I leptocephalus, 80.0 mm TL.
E. Stage II leptocephalus, 70.1 mm TL. Note conspicuous decrease in length of gut. (4, B, Eldred, B., 1968:
fig. 1. C, D, Schmidt, J., 1916: pl. 4, figs. 3, 4, Elizabeth Ray Peters, delineator. E, Viadykov, V. D., 1955:
unnumbered plate, Elizabeth Ray Peters, delineator.)



margin of eye; nasal capsule small, oval; anterior nostril
slightly tubular, at midpoint between tip of snout and
anterior margin of eye; posterior nostril in front of eye.*’

Dental formula: at 10.5 mm 1—’_3; at 14.25 mm 1 +4; at
} 1+3 1+3
1+ 1+6 |
5.75 I . 29 It - | .
15.7 mm1+4, at ca mm1+5 oy at 43.9 mm
1+14VIII+6 . 1+14+V+7
— 7T a3t 455 ———— % at 50 mm
1+viige ° ° T ivines °
1+1+VI+8§
1+VII+4 '

Teeth in a 50 mm specimen described as very acute, 16
in left side of upper jaw (1 small tooth projecting from
dorsal surface of snout, 1 long fang at tip of snout fol-
lowed by series of 6 large and 8 small teeth); 12 in left
side of lower jaw (1 large curved tooth at tip followed
by a series of 7 large and 4 small teeth).*” Schmidt re-
ports a maximum of 20 teeth on each jaw.*

In specimens of unspecified size or stage, first major
blood vessel at myomere 16-20 (average 17.3), second
major blood vessel at myomere 3643 (average 40.0),
third major blood vessel at myomere 42-46 (average
44.5).* First major artery at myomere 17 between sizes
of 43.9 and 50.0 mm; renal artery at myomecre 3842 at
439-455 mm, 4042 at 50 mm; renal-portal vein at
myvomere 4445 at 43.9-45.5 mm, 45-46 at 50 mm; an-
terior margin of gall bladder at myomere 32-34 at 43.9-
455 mm, 34 at 50.0 mm; liver between myomeres 12 and
33-36 at 43.9-45.5 mm, between 12 and 70 at 50.0 mm;
gut long, straight, and narrow, extending to myomere
70 at 50 M, 162728

At ca. 44 mm incipient rays in anal and dorsal fin; at 47-
49 mm vertical fins well-developed, broad. Dorsal at 61st
myomere at 50 mm.?” At 44 mm caudal fin bifid,** at
455 mm 14+3+2+2 rays,'® at 50 mm total 11." Pec-
torals lacking at 45.5 mm, developed but with or with-
“ut rays at 49-50 mm.''*" Penultimate hypural divided
al ca. 22 mm, hypurals fully developed at 44 mm.
Urostyle slightly oblique at 15.75 mm.>*

Pigmentation: At 10.5-14.25 mm few stellate melano-
?hOI‘eS in finfold near tip of tail; at 15.75 mm an addi-
tional 8 melanophores on caudal part of finfold; at ca.
450 mm caudal pigment no longer evident, eye
pigmented. 2427

STAGE Il, LEPTOCEPHALUS

Size range, 71 to ca. 58 mm.*®

na specimen 59.5 mm long, total myomeres, 105; pre-
wnal myomeres, 66; predorsal myomeres, 60; postanal

[x 3 - .
)-Tl)ﬁﬂmeres, 39; myomeres between dorsal and anal origin,

BN

At 595 mm, preanal length, 41.5 mm; predorsal length,
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39.0 mm; postanal length, 18.0 mm; head length, 5.0 mm;
snout length, 1.6 mm; horizontal diameter of eye, 0.9
mm; postcranial depth, 2.5 mm; depth at pectoral base,
3.6 mm; maximum depth (measured at level of renal-
portal vein), 11.0 mm; depth at anus, 10.2 mm,®

At 71 to ca. 58 mm, body still essentiallv leptocephalous-
like; at ca. 64-65 mm body depth greatly reduced. Head
initially as in stage I leptocephalus; rounded by end of

08 1+V+8
stage.”® At 59.5 mm teeth ——n—
1+VI4+3
lacking in slightly more advanced specimens 57-58 mm
long.

(one side); ' teeth

At 59.5 mm first artery at myomere 16, renal artery at
39, renal-portal vein at 43; anterior margin of liver at
myomere 10, posterior margin at 34; anterior margin of
gall bladder at myomere 33.

Caudal rays (at 59.5 mm) 1+4+24-2.3
Pigmentation: Apparently lacking (JDH).

STAGE |, GLASS EEL

Size range, ca. 60 *—48 mm."*
Body rounded,™ teeth apparently lacking,

Pigmentation: Unpigmented,** more or less transparent.’

STAGE I, GLASS EEL

Size range, 48 **~ca. 65 mm.™

At 49.5-52.0 mm total myomeres, ca. 103-109; preanal
myomeres, ca. 35-37; postanal myomeres, 68-72; pre-
dorsal myomeres, 26-29; myomeres between dorsal origin
and anal origin, 7-10. Pectoral rays, 16; total dorsal,
caudal, and anal rays, 203-258; total vertebrae (excluding
last hourglass-shaped centrum), 103-109; precaudal ver-
tebrae, 41—46; caudal vertebrae, 60-67.22 At 49.5-52.2
mm, branchiostegal rays, 11-12.

Morphometric data is presented in Tables 3 and 4.

Body rounded,'" slightly compressed throughout stage;
lower jaw projecting beyond upper; anterior nostril tubu-
lar; posterior nostril round with slightly raised rim; eye
rounded; adult teeth forming throughout stage.

At 52.0 mm dorsal origin 4.5 mm in front of anus; caudal
fin rays indistinct; pectoral rays long.?’

Pigmentation: Little pigment developed at time of arrival
inshore.™

At 52 mm few faint chromatophores on dorsal surface
of snout and on head behind eve, a few small chromato-
phores in caudal region, a series of large deep chro-
matophores on spinal cord from pectoral base to caudal
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Fig. 8. Anguilla rostrata, American eel. A. Stage II leptocephalus, 57.0 mm TL. B. Stage II leptocephalus, 58.0
mm TL. C. Stage II leptacephalus, 64.9 mm TL. Although larger than the previously figured specimen, devel-
opment of the body is more advanced. D. Stage 1I legtocepha]us, 65.0 mm TL. E. Glass eel, stage I, 61.0 mm

TL. F. Glass eel, stage 1, 58.9 mm TL. (A, B, E, Schmidt, ], 1916: pl. 4, figs. 5-7, Elizabeth Ray Peters,
delineator. C, D, F, Vladykov, V. D., 1955: unnumbered plate, Elizabeth Ray Peters, delineator.)
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. 52 mm TL
©
e

J size unknown

517 mm TL

Fig. 9. Anguilla rostrata, American eel. A. Glass eel, stage I, 52 mm TL. B. Glass eel, stage uncertain, 61.0
mm TL. C. Elver, 85 mm TL. D. Juvenile, size unknown. Note small eye and rounded pectoral ﬁn. E. Juve-
nile, 517 mm TL, eye small, pectoral fin somewhat elongate. (A, Eldred, B., 1968: fig. 1. B, Ege{ V., 1939: fig.
30. C, Lippson, A.']., and R. L. Moran, 1974: 30. D, Scott, W. B., and E. ]. Crossman, 1973: 624. E, Jordan,
D. S, and B. W. Evermann, 1896-1900: 143.)
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TaBrE 3. Proportions as percent TL (derived from
morphometric data presented by Eldred) 27

495mm 500mm 505mm 51.5mm 8§20mm 52.2mm
38.4% 38.0% 38.6% 36.9% 39.4% 29.5%

Total length
Preanal iength

Predorsa!l length 26.1 300 31.3 29.7 30.8 31.8
Postanal length 61.6 62.0 61.4 63.1 60.6 60.5
Head length 1.1 11.0 8.1 1.7 1.5 11.5
Posicranial

depth 1.3 36 4.4 37 39 3.8
Depth at

pectoral base 41 4.0 8.1 39 3.9 3.8
Maximum depth

(renat-portal

vein) 4.1 4.0 3.4 33 4.2 4.8
Depth at anus 3.6 4.0 3.2 3.3 4.0 4.6

TasLE 4. Proportions as percent HL (derived from
morphometric data presented by Eldred) 27

Head length 55mm 55mm 41mm 60mm 60mm 60mm
Snout length 20.0% 18.2% 26.8% 17.7% 16.7% 19.2%
Horizontal

diameter of

8ye 18.2 12.7 244 150 16.7 1.7

tip.*" In a “large elver” (but apparently a glass eel with
pigment just developing) cranial pigmentation similar to
cerebral nerve cord spot described for European eel.’

ELVERS

Minimum size ca. 65 mm.™
Longest pectoral ray 6.0 times in HL in “young.” ¢

Scales first evident at ca. 160 mm at mid-body and in
candal region. Scales not fully formed in these regions
unti] ca. 200 mm. Anterior scales not evident until ca.
175 mm.#®

Pigmentation: Fully pigmented at 65-90 mm,”* brown
and much like the adults as they ascend streams.’*'?

JUVENILES

Maximum size, males ca. 280 mm or larger, females ca.
460 mm or larger (based on approximate minimum size
at maturity).

Body elongate, snake-like.®+

Proportions as percent TL (average values based on pre-
sumed immature females): Preanal length, 42.73-43.90;
preanal length minus HL, 29.79-30.10; distance from
dorsal origin to anus, 8.80-9.63; predorsal length minus
HL, 20.23-21.01; head length 12.90-13.78.

Gape length as percent head length (average values, pre-
sumed immature females): 25.88-27.23.4

Proportions as percent TL (extreme values, presumed
immature males): Head length, 12.0-12.6; predorsal dis-
tance, 30.3-33.0; preanal distance, 40.8-41.7; pectoral fin
length, 4.2-5.0; interorbital width, 1.9-2.0; horizontal
diameter of eye, 1.6-2.0; preorbital distance, 1.9-2.1.

Proportions as percent HL (extreme values, presumed
immature males): Interorbital width, 14.7-16.7; hori-
zontal diameter of eye, 12.5-16.7; preorbital distance,
15.6-17.3.

Horizontal diameter of eye as percent interorbital width
(extreme values, presumed immature males), 81.3-100.0;
in males of less than 299 mm (thus less than or near to
minimum maturity size), 62.5-83.3; in females less than
499 mm (thus less than or near to minimum maturity
size), 45.5-93.6.

Horizontal diameter of eye as percent interorbital dis-
tance (extreme values, presumed immature males), 72.2-
106.7.67

Horizontal diameter of eye as percent of gape (presumed
juveniles, sex unknown), 30.7-59.1, x 41.8.

Depth as times in HL (presumed juveniles, sex un-
known), 1.65-2.65.%*

Pectoral fin rounded, not pointed.*’

Pigmentation: “Half grown” eels, predominately yellow
or green.’ Otherwise brown, dark brown, or olive brown
above; sides tinged with yellow or yellow-green; lower
sides brown; venter white, dirty yellowish white, golden,
or dirty yellow 225262

AGE AND SIZE AT MATURITY

Age at maturity, variously estimated from 5 to possibly
18 years.9.10,55.58

Minimum length at maturity, males ca. 280 mm, females
ca. 457 mm,* although one author states that females are
“frequently” mature at lesser sizes.>*
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Gymnothorax funebris
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FAMILY MURAENIDAE

The muraenids, of which there are two subfamilies, 12 genera, and about 100
species, occur in tropical, subtropical, and, rarely, temperate waters (the regionally
rare species, Gymnothorax funebris, has been recorded as far north as Canada).
These secretive, nocturnal eels are almost exclusively restricted to reefs or rocky
areas within the 46 meter isobath and are rarely if ever found in the open sea.

Morays may be recognized by the following characteristics: the anterior
nostril is tubular and the posterior nostril is high on the head above or slightly
in front of the eye; the gill openings are noticeably small and roundish; the jaws
are usually equipped with long, depressible canine teeth; there are two branchial
pores; the fourth branchial arch is strengthened and supported by pharyngeal
jaws; there are lateral line pores on the head, but not on the body; the body is
somewhat compressed; scaleless; pectoral fins are absent; and, in some genera
such as Uropterygius, the dorsal and anal fins are vestigial. Many morays reach
maximum lengths of 4 or 5 feet, but some species grow to extreme lengths of
10 feet.

The eggs of muraenids are generally not well known. Muraena helena pro-
duces extremely large, pelagic eggs (diameter 5.5 mm) in which the yolk is
granular and there are no oil globules. In spite of several recent statements that
morays may lack a leptocephalous stage, leptocephali of a number of species have
been described. In these the intestine lacks “loops” and occupies 40 to 65% of the
standard length; the tail is broadly rounded. Pigment is usually present. The
pectoral buds may be very poorly developed and presumably transitory.

Eldred (1970) described several leptocephali which she attributed to Gymno-
thorax funebris—the only representative of the family in the Mid-Atlantic Bight.
Her figures and descriptions are included in the present volume, although David
G. Smith (personal communication) has questioned their identity on the basis of
the reported myomere count (131-136) compared to the known vertebral count
for G. funebris of 139-145.



34 DEVELOPMENT OF FISHES OF THE MID-ATLANTIC BICHT

Gymnothorax funebris Ranzari, Green moray

ADULTS Body elongate,® somewhat rounded in cross-section an-
terior to vent, moderately compressed posterior to vent

ca.32 (FDM); head conical; mouth terminal; nasal pits circular,
Teeth ,# vertebrae 139-145 (DGS). the anterior ones almost terminal, the posterior ones just
in front of eyes. One or more long depressible canines

Head 7 times in TL. in midline of upper jaw, about halfway between snout

c 29.5 mn TL

Fig. 10. Gymnothovax funebris, Green moray. A. Adult, 689 mm TL. B. Leptocephalus, 29.5 mm TL. C. Same
as B, detail of head and anterior part of bcuf; (A, Bohlke, J. E., and C. C. G. Chaplin, 1968: 84, Tamiko Karr,
delineator. © Academy of Natural Sciences of Philadelphic. Used with permission of authors and publishers.
B, C, Eldred, B., 1970: fig. 1, Daniel M. Carver, delineator.)



and eye; 2 rows of smaller teeth on vomer, with ca. §
teeth in each row. Gill openings short, oblique. Body
and fins covered with thick leathery skin. Dorsal fin
origin slightly in front of gill opening. Pectoral and pel-
vic fins absent.?®®12

Pigmentation: Body bright green to brown, olive brown,
or slate gray; »*°* green color due to vellowish mucous
layer overlaying skin,® this layer lost in preservation or
with rough handling (FDM); throat paler. Body some-
times slightly mottled; head sometimes with dark hori-
zontal lines on lower parts. Dorsal and anal fin reported
both with *#*** and without dark longitudinal lines.®

Maximum length: 1893 mm."

DISTRIBUTION AND ECOLOGY

Range: In the Atlantic, Canada to Ric de Janeiro, Brazil;
Bermuda; Cape Verde Islands. Also reported from the
eastern Pacific.?+1?

Area distribution: Coast of New Jersey.?

Habitat and movements: Adults—coral reefs,” rocky
shorelines,” sometimes in caves and cracks;!® also re-
ported from tidal creeks;® over bottoms of dead coral,
sand and mud,® occasionally taken on grass beds where
hard substrate is present (FDM). Maximum depth,
12 m; ¥ minimum depth, 20 cm (FDM).

Leptocephali—recorded from waters of Florida Straits;
reported salinity range 37.0-38.5 ppt; reported tempera-
ture range 28.0-28.5 C.!

Elvers and/or juveniles—inshore in Puerto Rico in
April,’* or year round but sporadic (FDM).

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LEPTOCEPHALI

‘?‘ize range described, 10.8-29.5 mm, the largest specimen
thought to be transitional.
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Total myomeres 131-136; preanal myomeres 75-77; post-
1+0-1T+1-4

1+1-I1+1-2°

Proportions as percent TL: Preanal length 74; maximum
depth (at anus} 13; head length 6.

anal myomeres 56-39. Teeth

Eye with narrow, fleshy margin. Dorsal fin origin at
myomeres 54-57; myomeres between dorsal and anal
origin +13-23. Caudal fin rays undeveloped. A small
pectoral fin cvident,? this lost later (JDH). Twenty-three
myomeres before anus; anterior margin of liver between
myomeres 13 and 16; posterior margin of liver between
myomeres 22 and 23; anterior margin of gallbladder
between myomeres 20 and 22; first major vertical artery
at myomere 18-20; renal artery at myomere 63-68; renal
portal vein at myomere 69-73.}

Pigmentation: At 25 mm a series of chromatophores along
dorsal midline between myomeres 10 and 54; a second
series along dorsal surface of intestine past liver; and
a third series along ventral surface of spinal cord. Two
conspicuous single chromatophores: one deep in myelen-
cephalon and one below gill opening. Scattered chro-
matophores on palate and on ray bases of dorsal and anal
fins. Eyes pigmented.?

ELVERS

No information.

JUVENILES

Minimum size, unknown.

Pigmentation: Olivaceous or dark brownish gray,
uniform.®

AGE AND SIZE AT MATURITY

No information.
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Conger oceanicus
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Congridae
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FAMILY CONCRIDAE’

The family Congridae, which contains three subfamilies and about 38 genera
and 100 species, occurs only in the Atlantic and Pacific oceans. The only re-
gional representative of the family (Conger oceanicus) has been recorded as far
north as Nova Scotia. Members of the family are generally limited to shallow,
coastal waters. In the Atlantic, they typically occur over sandy bottoms near
grass beds and reefs.

In this family the pectoral fins may be well-developed (as in Congrinae) or
minute or absent (as in Heterocongrinae). Congridae are scaleless. The lateral
line is present; the nostrils are lateral and in front of the eyes; the anterior nostril
is developed as a short tube; the mouth is usually almost horizontal.

Little is known of the spawning of Conger oceanicus except that it apparently
moves offshore to spawn. Conger conger ceases feeding before spawning; its
teeth are lost. There are radical changes in the shape of the head, the bones be-
come soft and gelatinous, and the eyes of the males become greatly enlarged.
The fish die after spawning.

Offshore spawning migrations may be typical of a number of congrid eels.
Females of Ariosoma bowersi become egg-bound in captivity, swell to enormous
dimensions, and eventually explode. This results from the presence of a cal-
careous plug in the oviduct which, presumably, may not form if the females are
exposed to increased pressure in offshore waters.

Congrid leptocephali may have from 106-242 myomeres (140 to 151 in the
regional species), and the gut, which lacks swellings, may extend almost to the
end of the body. Leptocephali of some members of the family have narrow eves
beneath which there is a distinct patch of choroid tissue. In the subfamily Con-
grinae (to which Conger oceanicus belongs) there is usually a prominent pigment
patch beneath the eye and pigment ventrally below the gut. Characteristics for
distinguishing congrid leptocephali from other regional leptocephali are presented
in a key in the introduction to the section on Ophichthidae.

Schmidt (1931b) pointed out that the eggs and larvae identified by Eigenmann
(1902) as Conger oceanicus were, in fact, those of an ophichthid eel. The specific
identity of this series, based on eggs collected off New England, is still unknown.
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Conger oceanicus (Mitchill), Conger eel

ADULTS

D. 273; A. 187; P. 16-18; ** branchiostegal rays 9; ** total
vertebrae ca. 135 /°-149 % (but note higher larval myo-
mere counts below); precaudal vertebrae 50-51; caudal
vertebrae 85-96; lateral line pores 39-44; compressed
teeth in upper jaw 27-65, in lower jaw 28-59.

Head 6.37-7.30 times in TL; depth 2.3-2.85 times in
head.? Length of head as thousandths of TL, 130-180."*

Body elongate, round anteriorly, compressed posterior-
Iy Upper jaw usually projected beyond lower;* two
rows of teeth, the innermost conical; premaxillary tooth
patch wider than long'® Skin scaleless. Eves oval.!
Lateral line complete.* Origin of dorsal less than 50
percent of pectoral fin length behind tip of pectoral.'?

Pigmentation: Grayish brown, bluish gray or nearly
black above, sometimes with reddish tinge; sides paler;
dingy white below. Dorsal fin light blue centrally, dusky
at base, and with black outer edge; anal pale, edged with
black; pectorals blue gray, tipped with bluish white or
pale blue 212

Maximum length: Possibly to ca. 2034 mm.?

DISTRIBUTION AND ECOLOGY

Range: Coastal waters from Nova Scotia* to Missis-
sippi; '* also the West Indies based on collections of
larvae.! Records from Brazil "' are questioned (JDH).

Area distribution: Lower Chesapeake Bay north to
Worcester County, Maryvland and mouth of Potomac
River; #+%* coasta] waters of New Jersey and Dela-
ware. 12

Habitat and movements: Adults—waters of the conti-
nental shelf, sometimes entering harbors, sounds, shallow
bays, and river mouths along coast; 117! minimum
salinity, 22.3 ppt; *' maximum depth, 475 m.* Possibly
moves offshore in winter or during spawning season.’’

Leptocephali—coastal and estuarine waters from Nova
Scotia to Chesapeake Bay; **1* in northern latitudes in-
shore (and sometimes washed on beaches) from May to
August; 51715223 minimum salinity, in water which
varied annually from 3 to ca. 19 ppt,** also in estuarine
water with average of 26 ppt.*

Elvers and/or juveniles—recently transformed individ-
uals from Fire Island Inlet, Long Island in August.®”

SPAWNING

Location: Possibly offshore in New England; »*2¢ also

thought to spawn in the West Indies.

Season: Possibly summer in New England; ** leptoceph-
ali collected as early as late May in Long Island ** and
mid-July in Nova Scotia; ** in aquaria adults ripen in all
months except October and November.*

Fecundity: Unknown (counts attributed to this spe-
cles ##° are based on Conger conger °).

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LEPTOCEPHALI

Maximum length attained, 160 mm. Specimens 75 -
98 mm * long have apparently shrunk from maximum
size and begun transformation.

Total myomeres 140 ’-151; * preanal myomeres 74; post-
anal myomeres 72; * myomeres before dorsal (at 96.5 mm)
52.8

At 96.5 mm TL head 4.6 mm, eye 1.7 mm, body width

6.6 mm.®
Eye oval, pectoral fins formed at 96.5 mm.®

Pigmentation: At 93.0 mm TL a crescentic pigment patch
under eye.”” At 96.5 mm, in life, perfectly transparent,
eye brilliant gold; after preservation, a row of about 85
minute dots along side of body, ca. 100 similar dots along
ventral surface, numerous small dots at bases of anal and
dorsal rays.* In an apparently more advanced specimen
75 mm long pigment differentiation along outer edge
of fins.?

ELVERS

No information.

JUVENILES

Size range described ca. 107 **~-150 mm.!?

At ca. 113 mm body elongate, tapering posteriorly to 3
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point, very compressed.’”
At ca. 150 mm number of teeth less than in adult.}?

Pigmentation: At ca. 113 mm translucent, vertebral col-
umn and ribs visible, small spots on margin of dorsal
and anal fins and along lateral line.*®

Fig. 12. Conger oceanicus, Conger eel. Head of transforming lep-
tocephalus, 83.5 mm TL. A. Lateral view. B. Dorsal view. (4, B,
Original illustrations, Daniel M. Carver.)

AGE AND SIZE AT MATURITY

No information.

~=
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Ahlia egmontis
Myrophis punctatus
Ophichthus gomesi

Ophichthus ocellatus
Pisoodonophis cruentifer

snake eels
Ophichthidae
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FAMILY OPHICHTHIDAE

Members of this family are most easily distinguished from other eels by the
position of the posterior nostril which either pierces the upper lip or lies along
the inner margin of the lip within the mouth. In addition, they arc characterized
by their attached tongue and by the presence of a distinet jugostegalia in
the throat formed by overlapping of the branchiostegal rays. Most ophichthid
eels lack pectoral fins, and some have no fins at all. Two subfamilies are recog-
nized: Ophichthinae (snake eels) and Echelinae (worm eels). Snake eels lack
scales and an external fin around the tip of the tail, their tail tip is strong and
spike-like, and, typically, they have striking and sometimes very bright color
patterns. In worm eels there is a fringe-like fin around the tip of the tail, and
the color pattems are plain.

Ophichthid eels, of which there are, according to recent estimates, approxi-
mately 200 to 270 species and 31 to 60 genera, occur in tropical and temperate
waters throughout the world.

Five ophichthid eels or their leptocephali have been recorded in the Mid-
Atlantic Bight. Nothing is known of the actual spawning of these species except
for the comment by Cohen and Dean (1970) that, in Ahlia, a seaward migration
in late fall and early winter may be related to the onset of sexual maturation.

Two of the regional species are known to produce pelagic eggs. In one of
these (Pisoodonophis) the eggs are relativelv large {(ca. 2.2 to 26 mm in diameter)
and have a segmented yolk containing one to many oil globules.

Ophichthid leptocephali all have more or less well-developed gut swellings
and/or convolutions. They can be distinguished from leptocephali of other re-
gional eels in a number of ways. Leptocephali of the freshwater eel (Anguilla)
lack pigment and have a reduced number of myomeres (102-110 in Anguilla,
114-165 in the five regional ophichthids). In leptocephali of Conger the gut is
straight, and there is a characteristic crescent pigment patch beneath the eye
which is lacking in both snake eels and worm eels. The leptocephalus of
Gymnothorax funebris can be distinguished from all regional ophichthids lepto-
cephali by its straight gut, and from all but Myrophis punctatus by the absence
of distinct subcutaneous spots below the mid-lateral line on the tail.

Although all ophichthid leptocephali probably go through a period of length
decrease during their development, this has been clearly demonstrated in only
one of the regional species, Myrophis punctatus. In the present review these
growth stages are designated as follows:

Leptocephali
Stage I Length increasing.
Stage Ila Length decreasing.
Stage Iib Length decreasing.
Elvers Length increasing.
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A key to leptocephali of Mid-Atlantic Bight fishes:

1A. More than 100 myomeres .............c.ccciiiiineionnnennnens 2
1B. Less than 90 myomeres; anus far back on
body; distinct dorsal, anal, and caudal fins
formed during development of leptocephali . Order Clupeiformes:
’ Elopidae and Albulidae

Cﬂé\z/ﬁ (see volume I).

2A. Total myomeres 114 or more .................... ... ... ...... 3
2B. 102-110 myomeres, preanal myomeres 63-74,

preanal length 60-74 percent TL, no pig-

ment on body, gut without “loops” or

swellings ........ ... .. Anguilla rostrata
3A. Gut straight, lacking swellings or “loops” ......................... 4
3B. Gut with 3-11 distinct swellings or “loops” ................o0vehn 5

a_

4A. Total myomeres 131-136; preanal myomeres
75-77; pectoral fin rudimentary, never well-
developed; no pigment beloweye ............ Gymnothorax funebris

4B. Total myomeres 140-151, preanal myomeres
74, pectoral fin well-developed by end of
stage, usually a crescent-shaped pigment
patchbeloweye ................... ool Conger oceanicus

N




Ophichthidae—snake eels

5A. Gut with less than 8 swellings or “loops™ ......................... 6
5B. Gut with 8 or more swellings or “loops” ... .. e e 7
6A. 4 to 6 gut swellings, 47 subcutaneous spots

below midline on tail, total myomeres 147-

165, preanal myomeres 65-73 . ................ ..... Ahlia egmontis

_— =

6B. 3 gut swellings, the third most prominent;
no subcutaneous spots ventral to midline on
tail, total myomeres 138-150, preanal myo-
meres 52-63 ... ... ... Muyrophis punctatus

TA. A series of conspicuous, evenly spaced, linear
pigment clusters separated by unpigmented
gaps ventrally bevond anus and, in later
stages, this pigm